Abstract Purpose: To evaluate the role of 3-D US measurement of the endometrium during early IVF-pregnancy and before the appearance of gestational sac in the prediction of pregnancies outcome.
Serum hCG measurements [1, 2] and pelvic ultrasound (US) imaging [3] are part of the routine follow-up after in-vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) treatments. While hCG measurements are reliable as early as 11 or 12 days after embryo transfer (ET), pelvic US may visualize a gestational sac as early as 1 week after missed menses, and specifically when serum hCG levels exceed 1000 mIU/mL [4] . Of the IVF pregnancies, 16.7% results in clinical pregnancy loss and 2.1% in ectopic pregnancy [5] .
Jauniaux et al. recently reviewed the role of US imaging in diagnosing and investigating early pregnancy failure [6] . They concluded that no single US measurement of the different anatomical features in the first trimester has been shown to have a high predictive value for determining early pregnancy outcome, and especially before the visualization of gestational sac. Similarly, Doppler studies have failed to demonstrate abnormal blood flow indices in the first-trimester uteroplacental circulation of pregnancies that subsequently end in miscarriage [7] .
The recent advent of computerized three-dimensional (3D) US systems has led to improvement in the quality and precision of ultrasonographic examination. Moreover, this tool allowed endometrial volume estimation with a high degree of reproducibility [8] . While, few studies have examined the role of 3-D endometrial volume on the day of hCG administration [9] , oocyte pick-up (OPU) [10] or embryo transfer (ET) [11] in the prediction of IVF outcome, no study has assessed its role during early pregnancy. We therefore aim to evaluate the role of 3-D US measurement of the endometrium during early IVF pregnancy and before the appearance of gestational sac in the prediction of pregnancy outcome.
Patients and methods
The study population included 60 infertile women who have been treated in our IVF unit and conceived. It is our unit policy to measure serum hCG on 13-14 days after ET (which is performed 3 or 2 days after oocytes retrieval, respectively). If the hCG result reveals a positive pregnancy test (serum hCG levels ≥10 IU/L) a second hCG measurement is performed 2-3 days later. On the day of their second serum hCG measurement, patients underwent transvaginal 3D US (VDW5-8B Probe, Volusone 530D MT, Medison-Kretz) measurements of endometrial volume and thickness.
Patients were followed and classified according to pregnancy outcome into 2 further groups. The group with early pregnancy loss (EPL-group) that included preclinical abortions (pregnancy detected by hCG measurements but no gestational sac seen on transvaginal ultrasonography), firsttrimester abortions, and ectopic pregnancies. The group with ongoing pregnancy (OP-group), defined as progression to >12 weeks' gestation.
The results are expressed as means and standard deviations. Receiver operating characteristic (ROC) curve analysis was used. It represents the probability of true positive results (sensitivity) as a function of the probability of false positive results (1-specificity). The statistical analysis was performed with Student's t-test, chi square and Pear- son correlations where appropriate. P < 0.05 was considered significant.
Results
The clinical characteristics of the EPL and OP groups are shown in Table 1 . There were no differences between the two groups in patients' age, estradiol and progesterone levels on day of hCG administration, gestational age, serum hCG levels, endometrial thickness or volume. Moreover, no correlation was found between serum hCG levels and endometrial volume (r = 0.1).
Spontaneous early pregnancy loss was significantly higher in patients with endometrial volume <2 mL (7/9, 77.8%), as compared to those with >2 mL (15/51, 29.4%; p < 0.02). The ROC analysis for endometrial volume is shown in Fig. 1 . For the threshold of 2 mL, the sensitivity, specificity, positive and negative predictive values are 32%, 95%, 78% and 71% respectively.
Discussion
To the best of our knowledge, this is the first report demonstrating that 3-D US measurement of endometrial volume of less than 2 mL during early IVF pregnancy and prior to the appearance of gestational sac is a powerful predictor of pregnancy loss.
The hitherto published studies dealt with the role of 3-D US measurement of endometrial volume in the prediction of endometrial receptivity. Yaman et al. performed 3-D US on the day of hCG administration, in an IVF-ET program [9] . They found that endometrial volume and thickness on the day of hCG administration did not predict occurrence of pregnancy. However, a minimum volume of 2.5 mL appeared to favor pregnancy.
In a prospective study, Raga et al. [11] reported a significantly lower pregnancy rate among IVF patients with endometrial volume <2.0 mL at day of ET. On the other hand, Schild et al. [10] failed to find any correlation between endometrial thickness or volume on day of OPU and pregnancy rate.
While the data from our and the aforementioned studies [9] [10] [11] on the role of 3D-US endometrial volume estimation in predicting IVF outcome, do not permit recommendation of a general concept, a minimum endometrial volume of about 2 mL appears to favor endometrial receptivity and ongoing early pregnancy.
Since endometrial volume measurement of <2 mL on day of positive hCG result is associated with high miscarriage rate, further studies are needed to evaluate the role of different pharmaceutical manipulation, such as hCG, progesterone, estrogen or aspirin, in preventing early pregnancy loss in this subgroup of patients.
